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See talk by Dieter Pauwels on f-decay of 9>60.57F¢




Beta-decay Studies at LISOL

Nuclei close to 1%°Sn
heavy-ion fusion
Isospin symmetry

N=Z region: >*Ni
light-ion fusion
>*Fe(*He,3n)>*Ni

Isospin symmetry

113,114,115Rh

Decay properties

spontaneous fission of 2>°Cf

Neutron-rich Ni region: 8>6667Fe & >Nij
proton-induced fission of 28U
Nuclear structure studies
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Production of neutron-rich Fe isotopes at LISOL

in proton-induced fission of 238U

Experimental productmn rates in atoms/puC for neutron-

rich %55 Fe, %5-70Cq, #-T4Nj, ", and ™ ¥ Ga isotopes produced
at LISOL in induced fission of 23 U by 30 MeV protons. Except for the Fe
isotopes, the values are taken from |63]. The corresponding values for the
Fe isotopes are extracted by extrapolating Gaussian distribution parame-
ters for Co, Ni, and Cu 1sotopes and, thus, the error bars are not provided.
See text for more detail.

Atomic mass Co M1 Cn za
G5 7 (3)
66 10 (4)
67 16 (5)
G 11 (3) 16 (3)
69 6 7(3) 23 L-ij
70 1.3 (3) 28 (5) 12 (2)
7l l~L (3) 25 (7)
T2 51} 65 (14)
T3 1 ;L L3J 45 (10)
74 020 (5 21(5) 5(2)
75 B (4) 33 (8)
TG 2(1) 76 (6)
rii 119 (21)
it 102 (§)
79 79 (8)
&0 26 (4)
&1 0(2)

Fe, Co, Ni production yields for 0.5 and 1 mm diameter
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65.66.67Fe are most feasible cases for the moment, %8Fe is possible in the future




The main experimental challenges in y-radiation detection

Incomplete energy absorption — Lower efficiency

= Compton scattering (CS) escapes

= Pair production (PP) annihilation escapes

= Photoelectric absorption X-ray escapes

1 MeV vy-ray on standard HPGe coaxial detector:
~10% without interaction, ~70% escape,

Only ~20% are totally absorbed

X-ray B 51lkev
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True coincidence summing of y-rays,
B-particles, Bremsstrahlung

A cascade of 1 MeV y-rays on a standard HPGe
coaxial single-crystal detector:

3 y-rays: reduction in efficiency by ~1.2

Incomplete selectivity — Wrong coincidences

Incomplete selectivity due to sensitivity of
B-detectors to y-radiation: ~1-2%

y-detectors to B-particles: up to ~50%

-, y-detectors to cosmic radiation: up to 100%
= Wrong coincidences




B-decay studies with highly-segmented detectors

a). Single-crystal y-detectors

Neutron Shielding
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New B—y-detection set-up at LISOL

¥

~ 8 MINIBALL y-detector

)

During experiments the detection set-up is shielded with copper, lead, and borax




Highly-segmented Hyper-pure Ge MINIBALL y-detectors

New 12-fold segmented MINIBALL triple-cluster detector




12-fold segmented
cold preamplifier

Warm

preamplifier
6-fold segmented

cold preamplifier

Developed by G. Pascovici, University of Cologne

(6+1) x 3 = 21 channels from 6-fold triple cluster
(12+1) x 3 = 39 channels from 12-fold triple cluster




Data-acquisition System

| | 4 analogue
signal inputs

oL } Multiplicity
In & Out
}Trigger & Busy
outputs
} 1-st & 2-nd
} level triggers

Clock
synchronization

Main characteristics:

v 40 MHz sampling rate
v' 16-bit ADC (65536 ch.)
v CAMAC interface

v" Independent channels
v Implemented logics

v" Clock synchronization
v On-board analysis

v Acquisition of all events
v Reduced dead time

Only recently the constant-fraction algorithm has been implemented
Pulse-shape analysis (on-line) or reconstruction algorithm (off-line) still to be done
= The segment information has not been fully used yet

New data-analysis code, based on C++ and CERN Root package,
had to be written in order to analyze the acquired data




Same pulse height
=> all energy in 4

+ mirror charge

=>in 4, close to core

Pulse height of 3 > 5

=in 4, close to 3

Pulse-shape Analysis
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Event reconstruction

1. y’s scattered between crystals
2. v’s hitting the same crystal

3. Vetoing of incoming B’s

4. Compton event shielding

5. Active background shielding




Results — B-decay of ®Fe: By-coincidences

65Fe(red) vs. 65Co(blue,*50h/29h) 2.4s/2.4s/5 cycle vetoed [y
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Counts / 1 keV

Counts / 1 keV

B-y-y coincidence spectrum gated on the y-line at 175.5 keV
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Results — B-decay of °°Fe: Byy-coincidences

Energy, [keV]

Counts /25 ns

B-y-coincidence time difference
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175.5 & 806.7 keV transitions are in cascade

175.5 & 806.7 keV transitions are in cascade, 806.7 keV is on top of 175.5 keV

Good detection selectivity = Low count-rate system




Results — B-decay of °°Fe: half-life values

Summed p-y-coincidence implantation-decay curve for the y-lines at 175.5 & 471.0 keV
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Counts/1 keV

Results — B-decay of ¢’Fe: event correlations

67Fe: 1.5s/1.5s/3 ¢, RED — lasers ON, BLUE - lasers OFF

500

—
2
——

400

300

200

189 Fe B-gated y-spectra

Counts/100 ms

\\Ill\\ll I‘\\II
2000 2100 2200 2300 2400

694 Co

- - ()]

Long-lived isomer L

©

T,,=503 (42) ms v
=
I
|
=2

ey,
2500 2600 2700 2800 700 | L : . , . .
Lyt (MS) 00 600 Energy (keV)




Results — B-decay of ®’Fe: event correlations

V\\\\\
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Digital electronics = Event-by-event data with time stamp = Event correlations!




Results — B-decay of ¢’Fe: event correlations
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Results — B-decay of “”Fe: event correlations

1. Single y‘s before 3-694 triggers
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2. Random single y‘s before [3-694 triggers
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Results — B-decay of ¢’Fe: event correlations

Lasers ON (75 h) 6T e '3 Long-lived isomers:

1. Position determination
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Conclusions

v'New B—y-detection set-up has been constructed at LISOL.:
» New 12-fold segmented MINIBALL triple cluster y-detector assembled
» New data-acquisition system based on digital electronics introduced
» New data analysis approach

v’ B-decay studies of 56567Fe have been performed

Outlook

¢ Further work on the new [3—y-detection set-up:
> use of y-segmentation: pulse-shape analysis and event reconstruction
» Introduction of segmented [-detectors
» Introduction of segmented active shielding
¢+ Adapting to other facilities?
> [3-decay studies at ILL? (at least logistics)
> [3-decay studies at ISOLDE, CERN (24 shifts for °1-"OMn isotopes, Pb region)
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Results — °Fe: level scheme

From Penning trap mass measurements @
MSU (M. Block et al., submitted for PRL)
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Results — °°Fe: level scheme
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Results — ¢’Fe: level scheme
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Discussion — Nuclear structure of °°Co: shape coexistence?

The presence of negative-parity states = occupation of the vg,,, orbital = deformation?
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Possible scenario for 66Co at B ~ 0.30:
occupation of the vgg,, orbital

Obliteration of N=40, Excitations across Z=28?
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Ground state of %Fe is deformed: f~0.30 (Hannawald et al, PRL 82 (1999) / experiment /)

Ground state of %6Co is spherical: 3=0.09 (Aboussir et al, At. Data Tables 61 (1995) / theory /)

6Co: 1- deformed, 3* spherical — Shape coexistence in 6Co?




Nuclear structure of nuclei in the neutron-rich Ni region
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The specific physics goal of this project is

the nuclear structure of neutron-rich Co nuclides in the vicinity of %Ni




Nuclear Structure around semi-doubly magic *3Ni
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Nuclear Structure around semi-doubly magic *8Ni

Fe, Co, Ni are refractory-type elements =
Most studies were done using In-Flight separation method

No extensive 3-decay studies were performed for Fe nuclei

Decay properties: Half-lives extracted from time behavior of single B-particles
Sorlin et al, NPA 669 (2000)
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Possible ground-state deformation




Experimental Setup: proton-induced fission of 233U at LISOL
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Experimental Setup: The LISOL Facility in Louvain-La-Neuve
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Counts / 1 keV

Counts /1 keV

Results — B-decay of °Fe: B-gated y-spectra
B-gated y-spectra: Laser ON — BLACK, Laser OFF — RED
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New y-transitions from the decay of %Fe were identified




Counts / 1 keV

Counts / 1 keV

B-y-y coincidence spectrum gated on the y-line at 175.5 keV
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Results — B-decay of °°Fe: Byy-coincidences
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B-y-y coincidence spectrum gated on the y-line at 470.9 keV
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175.5 & 806.7 keV transitions are in cascade, 806.7 keV is on top of 175.5 keV

510.6 & 470.9 keV transitions are in cascade, their ordering cannot be determined

Other transitions do not yield coincidences




Discussion — Nuclear structure of °°Co: the level scheme
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Discussion — Nuclear structure of °°Co: interpretation
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Data-acquisition System

:

EARAE
Single detector 'é-: ""f‘i'.f.‘." _
S Spectroscopy S Analogue-to-Digital Energy i, Q ‘
Amplifier Converter s, gem 105
o -0 | & E
Bl
| 5:8)5:3|7E]0.6
> Timing Filter | Constant Fraction Time i ) ? 2 R
Amplifier Discriminator Qo3| @
Detector Q-3 ©
] iﬂii _i AlE
New data-analysis code based on || ||| PAQ
C++ and CERN Root package PC

was written to analyze new data ' '
Segmented detector

Dlgltal Energy‘
X 4 Gamma Finder Crate Controller

DGF 4C Time

4 Channels

Y

Y

In order to acquire 21 / 39 channels
from one 6 / 12-fold segmented MINIBALL triple cluster detector
a new digital data-acquisition system had to be introduced




Performance of the 3—y-detection set-up as a low count-rate system

100 470.9(1)

v’ v-detection efficiency increased by ~1.5

1 % 981.8(2)
: for the MINIBALLE(;T:JC;T;C;'EUQ;Z Coaxial Detector
: = 1.0 — — 4+ ®MINIBALL
. \/"i;ran u%‘i{y of y-detectors increased by a 1@@&1@
P ) <y-efficioncy Toxpigh-multiplicity cascades
! 5 A casgade of thiee NVleV y-transitions on g single-
! g cBystal y-detector on in y-efficiency| by ~1.2
I S =
2 | v % swo90  "slruecoincidence sumiging -
! °8Fe: 470.9 + 510.6 keV, 931.4 keV y-trangitions
| g F 6] TCS — 0.8(1) out of 41(12) cts
| =9TCS —  7(1) 06k0f 41(12) 5 10000
Energy, [keV]
i - Better selectivity for y—y-coincidences
|
i v New multi-layer detector shielding installed
I
! = Attenuation of the neutron flux increased by a
- : . factor of 2 /5 for thermal / fast neutrons
3 Y Y

4 @
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Nuclear Structure along the Z=28 proton shell closure
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The Z=28 proton shell closure strongly influences the nuclear structure of
Ni (Z=28) and nelghborlng Zn (Z=30) nuclei

However |t |s already Weaker In nelghborlng Fe (Z= 26) nuclel

- 0

A sustalnable presence of this sheII IS expected in Co (Z—27) nuclei

The N=40 neutron subshell closure is not persistent in Zn and Fe nuclei




Results — B-decay of °°Fe: half-life values

B-y-coincidence time difference
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Results — B-decay of *Fe

Fe 1sotope 63Fe 64Fe 65Fe 66Fe 67Fe | ©®%Fe

Ty /2(Fe) 6.1 s 20s |045s 044s 047s| 0.1s

T‘lf;xg(c-o) 27.5s 03s |1.14s 0188 043s] 0.25s

T /2(Ni) 100 v stable |2.52h 546h 21s 29 s
Production rate, |at/pC] 3.3 6.0 6.6 4.3 1.7 0.4
Number of known ~-lines 46 9 — 3 1 10
Decay scheme Yes Yes No No No No
Ground state [J-feeding 80% 95% 7 T 7 7
Feasibility / Objective No No Yes Yes Yes No




Decay Properties: the case of °°Fe

O. Sorlin et al, NPA U. Bosch et al, NPA
0.440(60)s 009 (2000),p.351 || @) 0149y 477, (1988), p.89
. Ameil et al. EPJ ?(bsg W.F. Mueller et al, PRC
: ’ ~ 61, (2000), p.054308
9 A 1(1998) p.275 o= 1, %  logfi . (2000), p
9.98 (21)MeV| g(2) 45(12), 2* = - 3228
20 >4.7 (_t___________;’i _________ <[r _________ 2916
80 4.2 ¥
PRL 81, (1999), p.766 R to 2400
0
@) 642 5100 s <
- 22(5) 5.0(13), 2" = 1426
(6 ~ 390 -0
i
(59 = 175 1 51(1) s
(39 = 90.18(1) s M = 254.6(3) h
27@39 28]\638

Fe, Co, Ni are refractory-type elements =
Most studies were done using In-Flight separation method

No B-decay studies were performed for %Fe

Nuclear structure of ®Co remains largely unknown




Data-acquisition System

Counts [/ 25 ns

Counts [ 25 ns

Leading-edge timing (6’Fe, Nov. 2005)

Distribution of [i-y coincidence events |

|
= | Integral 2.526e+05
10° = FWHM: ~95 ns
= Peak / Random: 968 (31)
10° £
10° =
10 4
1 ;_ 1 | 1 1 1 1 1
4000 -3000 -2000  -1000 0 1000 2000 3000 4000
Time, [ns]
| Distribution of v-y coincidence events |
10° = | Integral 6.375e+06
= FWHM: ~210 ns
10° = Peak / Random: 733 (5)
10 =
10°
102—r|||||||
-4000 -3000 -2000  -1000 0 1000 2000 3000 4000
Time, [ns]

Counts / 25 ns

Counts / 25 ns

Constant-fraction timing (5°Fe, Jul. 2007)
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Implementation of the constant-fraction algorithm
Improved the timing resolution by more than a factor of two




Counts / 1 keV

Counts /1 keV

10°

Results — B-decay of ®°Fe: Single y-spectra

*Fe - single y-spectra: Laser ON / OFF - BLACK / GREY - (1 : 1.62)
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Discussion — Nuclear structure of °°Co: the level scheme

0" 0
1). %°Fe: even-even nucleus ® 12, Lk
= 0" ground state 26740 1
2). %6Co: (3*) ground state based on dedicateq vy
studies at LISOL — Mueller et al, PRC 61 (2000) | , , 382 -

% logft 228

3). 175.5 keV transition: E2 / M2 56 o C 8
= 1% or 5 for the 175.5 keV level o o T 12 51560
4). 981.4 keV level: logft=3.9(2) IR TR N 5 88120)
= allowed Gamow-Teller transition 0*— 1*
5). 981.4 keV transition: multipolarity E2
6). 806.7 keV transition: M1, E2 / E1, M2 3
= 1*"~ for the 175.5 keV level S
7). 175.5 keV level: . ol
806.7 keV M1 is much faster than 981.4 keV E2
= not 1°
806.7 keV E1 is much faster than 981.4 keV E2 2
= not 1- ? ? £
= E1 can be strongly retarded — up to ~10° N e I 17551
= no direct B-feeding B T = 120k
= 1~ assignment
8). 470.9 & 510.9 keV level: multipolarity M1 €20 I | v 0 0.18(1)s

= (2%) assignment for the 510.9 keV level
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4-Channel Digital Gamma Finder

clopl{ distribution

DSP

Firewire
(not vet

One of four channels
implemented) | '

it &

Inputs
Camac for 4
™, “{—

channels
oy

S\'steln/i-"PGA N
: Analog part

Nyquist
filter

Amplifier

T

AHz
12 ADC

DAC:s for
gain and offset

Impedance
matching

= Analogue signal conditioning:
adaptation of the incoming signal
offset and gain to the ADC range.
= Real time processing:

the FIFO memory is continuously
filled with the waveform data from
the ADC; with the FPGA the fast
and slow trapezoidal filters are
applied to detect the arrival of the
signal and its pulse height, pile-up
inspector issues a final trigger and
interrupt request.

= Digital signal processor:
programs the ASCU and RTPU
hardware on initialization; reads
raw data from all 4 RTPU’s and
Stores it in memory, reconstructs
pulse heights and applies time
stamps from the 40 MHz clock;
prepares the data for the output to
the host computer.

* CAMAC interface: the host
computer communicates with the
DGFs and reads the data buffers.




Counts / 1 keV

Counts /1 keV

*Fe - p-gated y-spectra: Laser ON/ OFF - BLACK / GREY - (1: 1.62)

Results — B-decay of ®°Fe: 3-gated y-spectra
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Results — B-decay of °°Fe: half-life values
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